Cantaloupe (Cucumis melo L. var. Glamour) is a type of melon which is characterised by its netted surface. This study was conducted to determine the effects of different sealed packaging materials on the changes in quality of fresh-cut Cantaloupe during storage at 2 °C and 87% RH for 18 days. The selection of packaging materials is critical to the development of a modified environment inside the package. The fresh-Cut Cantaloupe fruits (Cucumis melo L. var. Glamour) were packed in Polypropylene (PP) containers and sealed with 40 µm Low-Density Polyethylene (LDPE) films and Polypropylene (PP) films. For the control sample, a Polypropylene (PP) container was closed using a lid cover (PP) without a sealing film. Sample 1 (S1) consisted of a Polypropylene (PP) container sealed only with a 40 µm PP film and Sample 2 (S2) comprised of a Polypropylene (PP) container sealed with a 40 µm LDPE film. The samples were analysed after storage at 2 °C for 18 days. The Cantaloupe fruits were cut into small cubes of 2 cm × 2 cm × 2 cm. Evaluation parameters include colour, firmness, respiration rate, Total Plate Count (TPC) and Yeast and Mould (YM). Overall for both packages the results indicated that the respiration rate, firmness, Total Plate Count (TPC) and Yeast and Mould (YM) decreased significantly (p < 0.05), while colour (luminosity, hue angle and chromaticity) were not significantly (p > 0.05) different. Samples from the packages sealed with LDPE (S2) indicated better appearance and quality.Thus, LDPE is recommended to be used for packaging of fresh-cut Cantaloupe.
Introduction
Cantaloupe is known as Rockmelon in Malaysia. The word 'Cantaloupe' is commonly used in America to describe the muskmelon or netted melon (Boynton, 2004) . Cantaloupe is the fourth largest produced fruit behind grapes, bananas and oranges (Boynton, 2004) . Fresh-Cut Cantaloupe is appreciated for its juiciness, flavour and taste. However, the product becomes easily perishable because it involves cutting, slicing and trimming the fruits, which causes deterioration of the tissue (James & Ngarmsak, 2010) . The shelf life and quality of the fresh-cut fruits are affected by storage temperature and packaging conditions as well as the maturity stage (Soliva-Fortuny & Martín-Belloso, 2003) .
developing modified atmosphere packages to improve the quality (Kim et al., 2004) . The levels of O 2 and CO 2 within the package depend on the interaction of the permeability properties of the packaging film (Kader, 1997) . The most common food packaging used in Malaysia for fresh cut products are Polypropylene (PP) and Low-Density Polyethylene (LDPE) materials. The objective of this study is to determine the effects of different sealed packaging materials which are Polypropylene (PP) and Low-Density Polyethylene (LDPE) on the changes in the quality (colour, firmness, respiration rate, Total Plate Count (TPC) and Yeast and Mould (YM)) of Fresh-Cut Cantaloupe during storage at 2 °C and 87% RH for 18 days.
Material and Method

Sample Preparation and Packaging
Cantaloupe melons (Cucumis melo L. var. Reticulatus) cultivar Glamour were purchased from a commercial grower farm, Selangor at maturity of 3/4 of full slip and were transported to the Laboratory and stored at the optimum temperature of 10 °C and 90% RH for 48 hours. Fruits were selected based on uniform sizes, defect-free and full netted. The fruits were placed in a cold room, at 10 °C. The outer skin of the cantaloupe was washed with Hydrogen Peroxide (H 2 O 2 ) then rinsed with tap water to remove dirt and then, dripped dry. Next, the skin of the fruits was peeled with a sharp knife and immersed with deionized water to avoid contamination. All the utensils used were sanitized with Sodium Hypochlorite (NaOCl) solution. Sharp knives were used to reduce flesh wounding (Portela & Cantwell, 2001; Aguayo et al., 2003; Zainal Abidin et al., 2013 ). The halved melons were then cut into eight wedge size parts, each of similar size of 4 cube-shaped melons, approximately (2.0 × 2.0 × 2.0 cm), were obtained from each wedge. After that, fresh-cut Cantaloupe was dipped into 1% calcium lactate for 1 min for maintaining the product firmness (Zainal Abidin et al., 2013) . Sample 1, the container was sealed with 40 µm PP (Polypropylene) film and for sample 2, the container was sealed with 40 µm LDPE (Low-Density Polyethylene) film. For control samples, container was covered with a lid cover (PP) without sealing any film. The volume of the container is (350 ml, 12 oz). The films were sealed by using a sealer machine (WY-802D, Guangzhou Verly, China) with the temperature of 130 °C-150 °C. Each of the containers contained 9 pieces of fruits (300g ± 0.1 g per piece), therefore it was assumed that the weight of the fruits was constant for all the containers.Then, the samples were stored at temperature of 2 °C and 87% of RH. The analysis included headspace composition, texture and colour. Analyses were carried out in 0, 4, 7, 11, 14, and 18 days.
Gas Measurement
The gases in the packages (CO 2 and C 2 H 4 ) were measured using a Gas Chromatograph (GC). A sample of 1 mL C 2 H 4 gas was injected into a Perkin Elmer Autosystem, Connecticut, USA, fitted with a flame ionisation detector (FID) and a stainless steel column packed with "Porapak T" of 100/120 mesh size. The flow rate of the purified helium gas was 30 ml/min and the column oven was operated at 50 °C and 100 °C for the CO 2 and C 2 H 4 gases. Helium was used as a carrier gas. Three replications were used for each measurement and the average was taken to produce a single value.
Texture Analysis
Flesh texture was determined using a TA.XTPlus Texture Analyser (Stable Micro Systems, Surrey, UK) equipped with a 5 mm diameter cylindrical probe. A 5 kg load was used for texture data. A two-cycle compression test was performed with the following settings: preset speed, 2 mm/s; test speed 1 mm/s; post-test speed 2 mm/s; distance as 30% strain; time 1 s; trigger force 20 g (Laminkara & Watson,2007; Zainal Abidin et al., 2013) . The result was recorded as the maximum load in Newtons (N). The results of three replications were averaged to acquire a single value.
Colour
Colour measurement was performed by using a colour reader (CR 10 Tristimulus Colorimeter Konica Minolta, Japan). The equipment simply measures the colour of the target. After one second, the colour difference was expressed as L*a*b* or L*C*H*. Three melon cubes from each of the three containers were measured on every each of the evaluation day. The luminosity (L*) values were recorded while chromaticity C* = [(a*) 2 + (b*) 2 ]
0.5
and hue angle h ab = tan
, where a* represents sample greenness and b* is yellowness, were calculated according to the appropriate formula (Machado et al., 2008; Zainal Abidin et al., 2013) .
Microbiological Analysis
Microbiological growth in the melon cubes was observed as the total plate count (TPC) and yeast and mould (YM) counts. The following method was applied according to Luna-Guzmán and Barrett (2000) . From each replicate, three random melon cubes of 10 g were collected using sterile techniques from the selected polypropylene container and homogenised (Stomacher, Seward 400, United Kingdom) with 90 ml of sterile www.ccsenet.org/jas Journal of Agricultural Science Vol. 6, No. 10; 2014 Ringer solution (Oxoid, Basingstoke Hampshire, England) in a sterile stomacher bag (Labchem Technology Centre, Malaysia) for 1 minute. Serial dilutions required for sample plating were prepared in 9 ml of ringer solution. The pour plate method was performed using the following media and culture conditions: Plate Count Agar (Difco, Becton Dickinson Company, France) for TPC and Potato Dextrose Agar (Difco, Becton Dickinson Company, France) for yeast and mould counts with added 10% tartaric acid (Systerm, Malaysia) to attain a pH of 3.5. Both the media for the TPC and the yeast and mould count were incubated at 35 ± 2 °C for 48 hours and 25 ± 2 °C for 5 days, respectively. The microbial counts were expressed as log10 (cfu g -1
).
Statistical Analysis
The experiment was conducted using a completely randomised design of three replicates per treatment. SAS 9.2 system (SAS Institute Inc., Cary, NC, USA) was used for analyses of the mean, standard error, variance (ANOVA), and least significant difference test (t-test) (P < 0.05) to compare differences among treatments throughout the different storage time. *Means same letter are not significantly different at P > 0.05 for each column (Control = lid cover only, S1 = 40 µm film lid of PP, S2 = 40 µm film lid of LDPE).
Results and Discussion
Respiration Rate
The gas composition within a package results from a number of factors that include the permeability characteristics of the package and the respiratory behaviour of the fruits within the environment. Changes in respiration during ripening can be reduced by eliminating the ethylene through the use of low level of C 2 H 4 and high levels of CO 2 atmospheres (Mir & Beaudry, 2000) Table 1 shows the carbon dioxide production by fresh cut cantaloupe during storage for 18 days at 2 °C and 87% RH. From Table 1 , the production of CO 2 was high in the initial state for all the samples. From day 0 to day 18, the average mean values of CO 2 were 2.231 -0.378 ml/kg/h (control), 2.323 -0.477 ml/kg/h (S1) and 2.210 -0.501 ml/kg/h (S2). Studies from Soliva-Fortuny and Vol. 6, No. 10; 2014 Martín-Belloso (2003) reported that a wound response was detected to cause an increase in CO 2 production immediately after cutting. From the results, three days after processing, the CO 2 declined significantly (p < 0.05) and became stable until day 14. After day 14 until day 18, the CO 2 levels in the control and S1 treatments remained stable without any significant difference (p > 0.05) but for S2, the level of CO 2 increased. Hence a higher level of CO 2 accumulated in S2. Table 1 shows the ethylene gas produced by the fresh-cut cantaloupe during storage for 18 days at 2 °C and 87% RH. For the control sample, the range mean value of ethylene was 4.375-0.543 ml/kg/h meanwhile the other samples recorded 4.847-0.689 ml/kg/h (S1) and 4.966-0.748 ml/kg/h (S2) throughout the 18 days of storage. Ethylene levels were very high at day 0 for all samples. However, after day 4, all samples decreased significantly at (p < 0.05). The increased rate of ethylene production promoted the deterioration of the fresh-cut Cantaloupe. The atmosphere within the control, S1 and S2 samples did not have any effect on the cubes. The ineffectiveness of the treatments is due to the lower temperature, which was maintained at 2 °C (Bai et al., 2001 ). An appropriate combination of package dimensions, gas composition and permeability is critical to reach a sustainable equilibrium of gas composition (Rojas-Grau et al., 2009 ). This equilibrium must ensure that the O 2 level inside the packages is enough to avoid anaerobic fermentative processes (Martı´n-Belloso et al., 2007) . Tissue softening is a major problem with fresh-cut fruit products that limit its the shelf life (Beaulieu & Gorny, 2001 ) Figure 2 shows the firmness (N) of fresh-cut cantaloupe during storage at 2 °C and 87% RH for 18 days of storage. The initial value of firmness for all the samples was approximately 11 N-12 N. It was found that the firmness of all the samples decreased throughout the 18 days of storage. The firmness of the fresh-cut Cantaloupe decreased from an initial firmness with total mean decrease of 31.8% (control), 28% (S1) and 29% (S2) of samples, during the 18 days of storage. The textural changes of the fresh cut cantaloupe took place due to cutting the plant tissue, which increased the respiration rate and which in turn induced the production of ethylene, and was responsible for the major tissue disruption (Toivonen & De-Ell, 2002) . No significant difference was found among the samples. Previous studies conducted by Bai et al. (2001) indicated that no significant difference was found between the MAP treatments tested and the control. Vol. 6, No. 10; 2014 luminosity increased significantly (p < 0.05). The results show that all of the samples had high brightness due to the maturation pattern of the fruits beginning at the base of the fruits and moving to the top, which shows the different stages of maturity of the fruits (Montero-Calderón et al., 2008) . This was not affected by the packaging film. After day 7, the control and S1 samples decreased significantly (p < 0.05). The decrease of the L* values was related to the development of translucence (Supapvanich & Tucker, 2011) . However, the S2 samples did not decline significantly (p > 0.05). This shows that the LDPE films (S2) were useful for the avoidance of discolouration and browning of the fresh-cut Cantaloupe. Figure 4 shows the hue angle (h ab ) of the fresh-cut Cantaloupe during the 18 days of storage at 2 °C. The initial value of all the samples was 70. The hue angle of the control and S1 were not significantly affected by the packaging film. However, for the S2 samples there was a colour variation throughout the 18 days of storage. The discoloration did not develop on the fresh-cut Cantaloupe for any treatments. Figure 5 shows the chromaticity of the fresh-cut Cantaloupe during the 18 days of storage at 2 °C. The chroma (C*) was initially 39. There was no significant difference as the C* showed the same pattern for all the samples. Maintenance of colour is vital in fresh-cut fruits where the visual appearance is a key factor to encourage the consumer to purchase the products (Zainal Abidin et al., 2013) . Microbiological growth can be a major cause of spoilage of fresh-cut products. The infection occurred through cutting and peeling during the fresh-cut processing (Guzmán, 1997) . Figure 6 shows the total plate count (TPC) of the fresh-cut cantaloupe during storage at 2 °C and 87% RH. For the control, sample 1 and sample 2, the total Vol. 6, No. 10; 2014 plate counts increased significantly (p < 0.05) from 2 log10 CFU/g to 6 log 10 CFU/g throughout the 18 days of storage. On day 0, the count of the TPC remained at a low level, approximately 2 log10 CFU/g and after 1 week of storage the mean value of the TPC increased to between 4 log 10 CFU/g to 6 log 10 CFU/g. This shows that the longer the fresh cut is in storage, the higher the possibility of an increase in the bacterial growth. The fresh-cut cantaloupe package with LDPE (S2) film had a lower TPC than the PP (S1) and control. This is due to the lower oxygen and higher carbon dioxide content as shown in the results obtained in Table 1 . Low-oxygen atmospheres usually restrain the growth of aerobic microorganisms (Soliva-Fortuny & Martı´n-Belloso, 2003) . The allowable microbial observed in fresh-cut cantaloupe must not exceed 10 9 for consumption (Nguyen-the & Carlin 1994). Figure 7 shows the YM (Yeast and Mould) of the fresh-cut cantaloupe during storage at 2 °C and 87% RH. The YM counts of the fresh-cut cantaloupe for all the treatments increased significantly (p < 0.05) from 1 log 10 CFU/g to 3 log 10 CFU/g during storage at 2 °C and 87% RH throughout the 18 days of storage. No significant differences were observed for all the treatments on day 4 until day 11. Previous studies have reported that the population of YM remained at a low count (Luna-Guzman & Barrett, 2000) and some could not be detected during storage (Portela & Cantwell, 2001) . Treatment is important for fresh-cut cantaloupe to retard the growth of microorganisms. From Figure 7 , it indicates that the fresh-cut cantaloupes are not harmful for consumption.
Texture
Microbiological Analysis (TPC and YM)
Conclusion
The packaging materials are important to maintain the quality of fresh-cut cantaloupe. From the results, differences among the films used were found. Fresh-cut cantaloupe packed in PP container with a sealed of LDPE film (S2), was found to be suitable and gave better appearance and maintained the quality of the fresh-cut cantaloupe during the 18 days of storage at 2 °C and 87% RH. A significant difference occurred in the respiration rate, color, Total Plate Count and Yeast and Mould. However, no significant differences were detected for the firmness for the three kinds of treatment. The use of calcium lactate is strongly recommended to maintain the firmness, avoid discolouration and increase the lightness of the fresh-cut cantaloupe.
